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THE SPATIAL STRUCTURE, CITY SIZE AND
CITY NUMBER IN A HIERARCHICAL
INTER-URBAN SYSTEM

Xiao-Ping Zheng™ "

Abstract

This paper presents a simple model of a hierarchical inter-urban system that is tree-shaped,
consisting of a few ranks of cities constituted by differentiated business firms and households.
By supposing that the firm at any city rank needs to transport its intermediary inputs from
the firms at the next higher rank, and to communicate with the households at the same rank,
an equilibrium of the spatial structure is obtained, with the city size and city number depend-
ing on the transportation and communication costs. It is also shown that throughout all city
ranks of the urban system, by the market principles, the city size would be too large while

the city number would be too small when compared to the social optimum.
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0 0 INTRODUCTION

To study the regional and urban economies of any country, one should take notice of the
importance of its urban hierarchy. Generally, such a hierarchical system consists of a number
of cities, which are spatially distributed, with different city sizes and city numbers at different
city ranks. So, to get a whole understanding of the urban hierarchy, we should grasp the
mechanism that governs the spatial structure, city size and city number within the system.
This, however, appears to be a very difficult task, and in the first place, we need to review
and absorb the essence of related research work that have been carried out so far.

Concerning the existing studies on the urban system, according to Mulligan 0 19840] the
related literature can be classified into three levels: firm-level, settlement-level and system-
level. In the firm-level analysis, the formation of urban hierarchy is explained from the view
of maximizing behavior of economic actors. Typical examples of firm-level analyses are from

the work of Christaller0 19330 Lésch0 19540 Eaton and LipseyO 198200 and recently Fujita
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019960 In contrast, the settlement-level analysis focuses on the economic characteristics of
settlements at different levels of the given central place system. For instance, Alperovich
019820 Mulligan 19830 and TaylorO 19860 among others, emphasize the derivation of laws
determining the city size distribution from some microeconomic principles. Lastly, at the
system-level, researchers pay much attention to the behavior of the urban hierarchical system
as a whole. As a result, the well-known rank-size rule and a family of skewed city-size
distributions have been demonstrated in some earlier studies such as that of Beckmann( 1958[]
Parr0 19690 and BeguinO 19790 It seems that at present we are unable to assert which level of
analysis is superior to the others, because our knowledge about the urban hierarchy still
remains very limited. Investigation at all the levels would undoubtedly enrich our understand-
ing of the urban system.

By using the terms of the aforementioned classification, the present paper would probably
be grouped into the settlement-level of analysis. That is, we want to show some economic
principles determining the spatial structure, city size and city number, given the framework of
a hierarchical inter-urban system. The detailed motivations of this work are as follows.

As is well known, in the existent literature of the settlement-level, given the context of a
central place system, the equilibrium resulting from the behavior of profit-maximizing firms
and utility-maximizing households have been thoroughly discussed, and the effects of scale
economies, the structure of demands, utility equilibrium and other economic parameters on
the determination of city size and city number have been rigorously examined. However, in
these studies, the spatial factorsOe. g., the location of economic actors(] have received very
little attention so far, and the spatial structure of the urban hierarchy has not yet been
explained satisfactorily. It seems to us that the existing economic theory of urban hierarchy
at the settlement-level needs to incorporate the new developments of urban land-use theory
into consideration.

Turning to the field of urban land-use theory, we find that although there have been a
large number of studies on the monocentric spatial structure since Alonso’s seminal work
019640 the endogenously multicentric land-use model that was developed by Fujita and Oga-
wall 19820 proved to be very useful in explaining the spatial structure of the vast inter-urban
space. Unfortunately, however, in their work, though the possible formation of the mul-
ticentric spatial configuration was demonstrated, the hierarchy of the urban system, which is
one of the most important characteristics of the real urban world, has not been taken into
account. To contribute to this point, by using a rather different framework, ZhengO 19900
presents a model of an inter-urban system in which the urban hierarchy is explicitly consi-
dered. The focus of his paper is on the derivation of various land-use patterns from a
specified two-rank city system, but the determination of city size and city number in a more
general hierarchical urban system still remains to be studied.

Given shortcomings of earlier studies, the purpose of this paper is to investigate the princi-
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ples that determine the spatial structure, city size and city number in the context of a
generalized hierarchical inter-urban system. The system considered here is such an urban
hierarchy in a one-dimensional region that has a tree-shaped structure, i. e., cities at any rank
are supposedly influenced by the city at the next higher rank[] but not all the cities at higher
ranks[] It is assumed that each city contains a business firm and a class of households
employed by the firm. By supposing that the business firm at any city rank has to transport
its intermediary inputs from the firm at the next higher rank, and that the firm needs to
communicate with the households, we shall show that we can obtain a spatial equilibrium of
the urban system that depends on the magnitude of transportation cost. As a result, the city
size and city number will also be dependent upon the transportation and communication
costs. By comparing this market solution to a socially optimal solution of city size and city
number, we find that the equilibrium city size would be larger while the city number would
be less than the optimal one throughout all the city ranks. This conclusion has some impor-
tant implications for the urban growth control policies now widely implemented in practice.

The rest of the paper is organized as follows. In Section 2, a simple model of a hierarchic-
al inter-urban system will be presented, whose equilibrium and optimal solutions will be
demonstrated in Sections 3 and 4, respectively. Finally, the paper will be concluded in Section

5.

00O THE MODEL

2. 1. The hierarchical inter-urban system

Let us consider a long strip of homogeneous land upon which a hierarchical system of
cities is to develop. The width of the strip is one unit of distance while its length is supposed
to be sufficiently long. For simplicity, the structure of the urban hierarchy considered here is
thought to be tree-shaped in that a city at any rank would dominate a number of cities at the
next lower rank by providing intermediary inputs for the firms in those cities. Furthermore,
to make things simple, it is assumed that such a domination only occurs between any two
neighboring ranks of cities but not between other kinds of pairs of city ranks. Fig. 1 illus-
trates such an urban hierarchy, which has the same structure as that Isard showed in his
famous book Isard, 1975, Fig. 1201, p. 2880 Each city consists of a business firm and a class
of households that are employed by the firm. In the cities of the same rank, business firms
and households are considered to be identical in terms of production technology and job
suitableness. But they are different from those in the cities of other ranks. In particular, it can
be considered that the rank of firms are mainly determined by the technologies that the firms
possess, 1. e, firms at a higher rank of cities usually have technology of higher productivity

than those at lower ranks.
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1st rank

2nd rank

3rd rank

4th rank éddoo

Fig. 1 The hierarchical inter-urban system

2. 2. Households

Suppose the number of types of households is the same as that of city ranks in the urban
system. Each type of households is assumed to be distributed at a constant density, which
may differ from that of other types. From the literature of location theory, we can see that
such a uniform distribution of households is often assumed.0e. g., Hotelling, 19290

It is assumed that households at any city rank are to be employed by the business firms at
the same city rank. They will commute to work at the places where the firms are located
and gain the wage as their only source of income. Using this income, they pay the commut-
ing cost that is supposed to be proportional to the distance they commute over, and pay for
the consumption of goods and services that are assumed to be imported from the outside
markets. For simplicity, we assume throughout this paper that the households do not con-

sume land, which needs to be relaxed in future studies.

2.3. Business firms

Like the households, we suppose that the number of types of business firms is the same as
that of the city ranks in the linear region. It is assumed that a business firm at any city rank
produces some export goods by using the intermediary inputs transported from the firms at
the next higher city rank, and hiring the households at the same city rank.

Concerning the behavior of business firms, we shall propose a few additional assumptions
as follows. Firstly, in buying the intermediary goods from firms at the higher city rank,
besides the price, the firm has to pay the transportation cost that is assumed to be prop-
ortional to the distance between the two transacting firms. So, for a firm located at z, the
cost of transporting intermediary inputs from a firm of higher city rank at 2 can be given by:

T(kx)=k|lxz—z|S 0DO0mao

where £ is the transportation cost per unit distance, and S the amount of intermediary goods
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purchased.

Secondly, as ZhengO 19900 assumes, in employing households the firms need to communi-
cate with them in order to find capable men and women for the work. Concerning such a
communication between firms and households, it should be noted that because of technologic-
al progress, it becomes easier for the firm to get its intermediary inputs such as money and
information, while human capital of high quality becomes relatively hard to obtain. For this
reason, it was reported recently that there have been many Japanese giant companies[] say
Toyota and NECO locating their plants and branches in a few peripheral areas. More speci-
fically, such a communication in general bears a cost that has to be deducted from the firm’s
profit and is supposed to be proportional to the distance between firms and households. Thus,
for a firm located at z, the total cost of communicating with the households living in segment
Oa, b0 can be expressed by:

Clex)=clth(p]y—z|dy oomo
where ¢ is the communication cost per unit distance, and 40 yO the density of households at y.

For a firm located at x, if N and S denote the amounts of laborOi. e., householdsO and

intermediary goods inputted, respectively, its profitd z(J can be written as:
7=PQ(N,S) —wN—qS—T(k,x) —C(c,x) oomao
where Q(N,S) is the firm’s production function, p the price of export products, w the wage,

and ¢ the price of intermediary goods.

0 MARKET EQUILIBRIUM

3. 1. Additional assumptions

First of all, without loss of generality, we assume that the hierarchical inter-urban system
considered here is formed in such a process that cities at the firstl] highest( rank appear at
first, and cities of the second and other lower ranks then emerge in due order. Thus, if we
could illustrate the formation of cities at the first and second ranks, the growth of cities at
other lower ranks can be easily demonstrated in a similar fashion.

Since the structure of the urban system is tree-shaped, for simplicity, we can suppose
additionally that at the first rank, there is only one city to be formed. As has been assumed
in the last section, a business firm of the city needs to buy intermediary inputs from the firms
at the next higher city ranks( which, in the case of the first rank, means the firms outside
the linear regionl] and to communicate with the households of the same rank distributed
uniformly along the long strip. So, to save the communication cost with all households along
the region, the firm at the first city rank will choose to locate at the center of the region.

The question then left to be answered is, where will the firms at the second rank be

located, how many households will they employ, and how many such firms will enter this
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linear region. For simplicity of analysis, we suppose that there will appear two identical
series of such firms symmetrical about the regional center, and that the firms will be located
in such an order that starts from the center to the end of the linear region. Furthermore, it is
also assumed that the length of the strip is sufficiently long compared to the number of firms
to be located. So, if the length is let be 2F, it can be thought to be divided just by 2» firms
of the same second city rank. Clearly, in the half strip on the right-hand side of the center
O its length is FT] there will be » firms[ or citiesd at the second city rank. In the following,
we shall only show how the location of firms, the city size and city number on the right-
hand side half strip are determined( see Fig. 20 The situation on the left-hand side will

follow by a similar argument.

1st rank

fo *1 11 *2 f2fi1 %i fify | *n fn
=0) CF)
Fig. 2 The first and second ranks of cities

O only the right-hand side half strip is shown here[]

Next, more specifically, we assume that the firms in question have fixed-coefficient produc-
tion technology, i. e., their production function is given by:

Q(N, S)=min(aN, BS)+7r opomao
where @, § and 7 are positive parameters. Denote the variables of the zth firm at the second
city rank by the subscript ¢ then according to eq.0 2080 the profit of the firm can be express-
ed by:

)&

BNf—cff’j_lhly—xfldy, i=1,2, ., n

ni:p(aN,»-H') —w;N;— (q+kl’,

oomao
where x; is the location of the firm, %~ the fixed density of the households to be employed by
the firms at the same rank, and fi_; and f; are boundaries of the area within which the
households employed by the 7th firm live. In other words, fi-; and f; also mean the bound-
aries of the ith city at the second rank. Since the coordinate of the regional center is zero, for

the first firm0i=10 on the right-hand side of the center, we have f,=0. So, for the zth firm,
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fi—1, which is also the outer boundary of thel i—1th city, could be considered as given, but f;
is to be determined by:

N,

fi=fiat h

gomo

Finally, concerning the prices of goods appearing in this model, we suppose that the
products of firms are all exported to the markets outside the region, and that their prices, p,
can be considered as exogenously given. As for the price of intermediary goods, g, since all
the products are exported, and the goods will be purchased according to the outside market,

it can also be treated as a constant.

3. 2. Equilibrium conditions

Under the situation described in the last subsection, let us think about the equilibrium
conditions for the hierarchical inter-urban system in question.

Suppose that the firm is to maximize its profit by determining the amount of labor
O householdsO and the place of its location. Here, the firm is not allowed to change the wage
for competing with other firms for households, since it will make the problem too compli-

cated to be solved. In doing so, we have the following two equilibrium conditions:

67r,-

N, =0, =1, 2, ..., n oomao
67[,— o .

— =0, =1, 2, ..., n oomao
ax,-

In addition, if we consider that the entry of firms into the linear region will continue until

the firm’s profit becomes zero, there will be a zero-profit condition in the long term as

follows::
T;=0, =1, 2, .., n oomo
Now let us manipulate these conditions. Firstly, from eqs.0 320 and0 300 we get:
671,- o Ni
=pa—w,— (qtkx)  —c(fioi+t— —x)=
oN, pa—w;— (q kx)B C(f1+h ;) =0 oomao
which yields:
o N,‘
w,-=pa—(q+kx,-)E—c(f,»_1+7—x,») oomao
By using eqs.0 320 and0 3050 we obtain:
671',‘ _ ., a _ 0 fi .
on, = g Nimeh g ffH'y x|dy
- SNSRI I P T
=k N—eh o | [ vt [
o N;

which gives the following expression:
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— _ak N
ri=fiat (1 Bc ) on 00 o0
Second, by substituting eq.0 3080 into eq.0 320 we have:
e N (=
mi=pr—c(fiat =" —x) N, Chff,»_1| y—x;|dy
e Ni _ _ S T,
=pr—c(fiat A x:) N; Ch['/;i—l(xi y)dy+j;i (y xi)dy]
N; h N;
=pr= Uit =) Ni= S| b S =20+ (=i 00010
which, by using eq.0 30000 will give:
oy [k e 2
T=pr— [( g D +2]N,. 000120
So, from eq.0 3060 we get:
N=2 akPTh 00 030
" 2
e[ ¢ % T +2]
Here, if we use eq.030B0 we get the following:
fe o= JZi —y akf’f 0040
" 2
ch] ( D +2]

Since in the last subsection we assumed that the length of the whole strip is 2F with its
center as the origin, we have:
fo=0 0050
fn=F 0060

The solution for the difference equation system composed by eqs.0 30140 tol 30160 will yield :

fi=2i akw , i=1,2, .. n 00070
ch[(§+1)z+2]
ch[(“—k+1)2+z]
_F Be
n= 00080
2 br

In short, from the equilibrium conditions we finally obtained a system of equations, i. e.,
0 30800 301000 301300 30170 and0 30180 for the following five unknowns, w;, xi, N;, f; and n0 i
=1, 2,..., nQd

3. 3. Equilibrium properties
In this subsection, we shall show some important equilibrium properties of the hierarchical
inter-urban system. In the first place, by solving the difference equation system obtained

previously, we can express the equilibrium wage as follows:
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wﬁﬁrq%-c[%%’c‘—(g—f)ﬂ] ch[<“kp—:1)2+2] , i=1,2, ., n D000
Bc

which yields:

dwi __, ak Py <0 00 200

di B ch[(g—f+1>2+z]

This means that in equilibrium, the wage paid by firms to households will depend on the

location of firms. The more distant the firms are located away from the regional center, the
lower the wage they would pay to the households. It should be noted that if the wage
becomes negative, households may be better off by being unemployed. So, to avoid this
possibility, we could assume that the price of export productO p given by the outside market
should be sufficiently large to ensure the wage be positive.

Concerning the location of firms, substitution of eqs.0 30130 and 0 30170 into eq.O 30100

gives:
xi:(Zi—%lcf—l) I L i=1,2 00 2Io
oK 2
ch] ( G D +2]
whose derivatives with respect to £ and 7 are given as follows:
%=—% akm [<%+1>i+1] <0 00 220
ch| (2 41242
Bc
‘Z" = ak"’ >0 00 @30
" 2
ch| ( Gt +2]

0 3220 implies that when the cost of transporting the intermediary goods that is, some high-
grade goods or services for the production activities, such as the information through face-to-
face contacting with firms of higher city ranks( from the regional center increases, the firms
tend to locate nearer to the center. AndO 3230 means that firms at the same rank will be
allocated in an order that starts from the center to the end of the linear region. Based on
these results, it is easy to draw a group of x; curves for different values of i on the plain of
x and k, as is shown in Fig. 3. From this figure, we can see that the spatial structure of the
hierarchical inter-urban system is heavily influenced by the transportation cost of the in-
termediary goods or services. That is, when the transportation costd £*0is high, most of the
firms would locate within a limited area surrounding the center, and the spatial structure of
such a limited space would become very concentrated. But, when the transportation cost is
lowered due to some technological progress( say the development of new technology for
contacting between firms[] the firms would tend to locate in a dispersed manner in order to
save the cost of communicating with the households distributed uniformly along the region.

As for the city size[li. e., the number of households employed by the firm0 and the city
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P é ! i

* * *
0 x. x* X X~ X
I i+l i+2 1+3

Fig. 3 Location of firms[ x;0 and transportation cost(] [

number(] the number of firms allocated into the regionl] according to edd 30130 and eq.0 301800
we can see that like the spatial structure, both of the city size and city number are also
dependent upon the magnitudes of transportation and communication costs (i.e., k and c¢). This
result, however, has not been pointed out by the existing economic theory of urban system
O say Henderson, 19870 since it did not take into account the interactions between firms of
different city ranks.

It should be noted that by looking at Fig. 3, one could find that there exists a boundary

condition for the location of firms to be meaningful in the linear space, i. e.,

x; =0, =1, 2, ..., n 00O [p40
Using eq.0 3210 we can rewrite it as follows:
2i— 2k 1>, i=1,2, ., n
Be
which is equivalent to the following expression
ak . 00250
Bc

This inequality could be considered as a sufficient condition for the spatial equilibrium to
exist.
Finally, let us check the second-order conditions for the firm’s profit-maximizing problem.

The second derivatives of eq.0 30 and eq.0 3000 yield the following expressions:
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6271';‘ - _L

ON?  h 00 @60
azni _ 627[;' _ o

Nz, omdN, g ¢ 00270
20

(?i;' =—2ch 00 280
O'mi _0'mi

‘ =[(ﬁ+1)c—kﬂ][<ﬁ—1)c+kﬁ] 00290
_0'm  0'm B B
ax,-aN; 61'2

1
For such a profit-maximizing problem to have a maximum, the second-order matrix should be
negative definite, which requires that the right-hand side of eq.0 3290 should be positive. By

calculation, this second-order condition is equivalent to:

1—ﬁ<2—’;<1+ﬁ 00 0300
Since a, B, k and ¢ are all positive parameters,[] 30800 equivalently becomes :
0< Z—’z <1+4/2 0 O 10

If0 3810 is combined with the sufficient conditionO 3[(250] we can obtain the final sufficient
condition for the spatial equilibrium to exist as follows:

o<k -4 0 0 0820

Be
which implies that for the defined hierarchical inter-urban system to reach a stable equilib-
rium, the parameters representing the firm’s marginal productivities, and the costs of trans-
portation and communication should satisfy the condition expressed by the inequality of

030820

0 OSOCIAL OPTIMUM

It is always pointed out that the equilibrium realized by the market mechanism would not
necessarily be optimal from the perspective of social welfare. In this section, we shall present
a socially optimal solution for the defined hierarchical inter-urban system, and compare it

with the equilibrium solution discussed so far.

4. 1. Optimal conditions
The social optimality considered here is defined as an allocation of regional resources that
maximizes the total of social net profits from the whole urban system. The word “net” means

that the cost of households’ commuting should also be deducted from the business firms’
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profits, because it is one kind of social costs. So, by taking the cities at the second rank in
the right-hand side half strip of the region as an illustration, as we did in the last section, the

optimality can be expressed by the following maximization expression:

o fi_1+N;i/h
*Nz—Cff T hly—ildy
i—-1

max =32, [p(aNit ) —wNi— (g +ke) G

fi—1tNi/h
—tj; h|y—x,-|dy] 00mo
i—1
with respect to Ni, @i, A; (i=1, 2, ..., n)
where ¢ is the total of social net profits, A; the shadow price of the ith city, and ¢ the

commuting cost per unit distance.

The first-order conditions for the above mentioned maximization problem give:

0p o N a N;

AN, = [pa wi— (g+kz) & 3 )] 0 oomao
0¢ :1-[—k£N- 0 ffi‘1+Ni/h| —z;|d ]:0 0omo
axi i ‘B i 6xi fir Y i Y

20— p(aNetp) N = (k) S N= (0 [ h = ay=00 0 0

From eq.0420 we have:

_ (24 Ni .

wi—pa—(q+kxi)§—(c+t) (f,-_1+7—xf) i=1,2, .., n O0MD0DO

which is a condition concerning the wage level that corresponds to eq.0 3080 in the equilib-

rium. By calculating eq.0 4080 we obtain the following expression:

—k%, Ni— (c+1) hQx;—2fi-1— Ah/i)—O O0mo
which yields for x;:
ak N; .
i=fiat 1= — =1, 2, ..,
xi=fi1 [1 (e l‘)] =1, 2 n oomao

0470 is in fact the counterpart of the equilibrium condition of eq.0 30100
Substitution of eqs.0 4060 and0 40 into eq.0 4040 yields:

. c+t ak 2 5
by [[B(c-l-t) ] +2]N,.—0 0O0mo
which is equivalent to:
‘Zch . 00O
+0 1| 1|+
(¢ t) B(c+t) 1] 2}

Here, by using eqs.0 3300 30150 and0 3(160 we obtain:

by

ak 2 ’
(C-H‘)h ,B(C-i-t) +1] +2]

i=1,2, ., n Oomooo
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2
nzg (c+t)h{[ﬁ(§t) +1] +2] | N

In this way, from the first-order conditions we obtained a system of difference equations,

0405500 4yg0 4000 40100 andO 400110 for solving the following five variables, w;, x;, N;, fi and
n (i=1, 2, ..., n).

4. 2. Comparison between equilibrium and optimum

Let us compare the solutions for city size and city number between the market equilibrium

and the social optimum. Let N/’ and N,-ON denote the equilibrium and optimal solutions for

the city size, respectively. Using eqs.0 3030 andd 4090 we have:

NP g T 1 1k 0020
/[(B—H) +2] \/(c-i—t) sy 1+

from which a comparison of the denominators in the angle bracket yields:

AE(c-H)[[B( th) +1] +z}—c[<5—+1> +2]

=t[3—¢] 00030
Bc(ct+t)
By using the second-order condition of eq.0 3290 we get:
A:t[S—ﬂ]w[l <ak>]>0 00040
Bic(c+t) Be
Thus, eq.04020 becomes :
N =N >0 00 ms0
which means that the equilibrium city size is larger than the optimal one.
Next, by letting #°? and #°”' be the equilibrium and optimal solutions for the city number,
respectively, from eq.0 3080 eq.0 40110 and the inequality of0 4040 we can obtain the com-

parison as follows:

ne"—n”"'zg\/?}; \/[(7)2+1] \/(c+t) 5(c +t)]+1} <0 00 med

That is, the equilibrium city number is less than the optimal one.

The inconsistency between the equilibrium and optimal solutions for the city size and city
number seems to result from the commuting cost of households. In the market equilibrium,
unlike in the social optimum, the households’ commuting cost in general does not need to be
considered in the firms’ profit-maximizing behavior, so, by this saving, the firms can employ a
few more households that causes the equilibrium city size to be larger than the optimal one.

At the same time, due to the limited length of the region, larger city size means that a
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smaller number of cities could enter the space. Thus, the equilibrium city number will turn
out to be less than the social optimum.

This result can be easily applied to the other city ranks of the urban system. In other
words, throughout all the city ranks, by the market mechanism, the city size would be too
large while the city number would be too small when compared to the social optimum. The
policy implication from this conclusion is that in the real urban world, to realize such a
socially optimal urban system, we should control the possible excessive city sizes and mean-
while increase the likely smaller number of cities at all city ranks of the urban system.

This kind of urban growth control policies, in fact, have already been implemented in
practice. For example, in urban Japan, as the Tokyo metropolitan area becomes larger and
complex, many urban policies have been proposed to control further expansion of the central
part of Tokyo, and to promote growth of the peripheral cities around it. This means that the
excessive size of the central city is under the control while a few peripheral cities are to be
created. As we have illustrated, these policies can find a theoretical basis from the develop-

ment of the urban system theory.

O 0 CONCLUDING REMARKS

In this paper, we presented a simple model of a hierarchical inter-urban system, which is
supposed to be tree-shaped, containing a few ranks of cities constituted by differentiated
business firms and households. By assuming that the firm at any city rank has to pay both
the cost of transporting its intermediary inputs supplied from the firm at the next higher
rank, and the cost of communicating with the households at the same rank, we showed that
there would exist an equilibrium of spatial structure in which the location of firms may be
concentrated or dispersed, depending on the transportation cost. It was also demonstrated that
in the equilibrium, the resulted city size and city number at each rank are dependent upon
the magnitude of transportation and communication costs with which the firms are con-
fronted. Such an equilibrium solution, however, would not necessarily be socially optimal. In
fact, we found that by the market principle, the city size would be too large while the city
number would be too small when compared to the social optimum. This kind of possibility of
excessive city size has once been pointed out before by a few urban economists, e. g. Hender-
son0 198700 but we want to emphasize that the framework of theorizing used here is very
different in that the transaction amongst cities as well as the hierarchical property of the
urban system are explicitly taken into account in the present study.

This work might be considered as a generalization of Zheng’s modeld 19900 in the sense
that it is applied to a hierarchical inter-urban system with more than two ranks of cities. But,

at the price of such a generalization, we neglected the land market, assuming that all the
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types of households are uniformly distributed along the linear region. As the result, the
aforementioned conclusions seem to be dependent to a great extent on these unrealistic
assumptions. For example, the inconsistency between the equilibrium and optimal solutions
may be partly because that the behavior of households and the resulted equilibrium were not
analyzed here. More specifically, if the land market could be considered in the paper, the
commuting cost that leads to this inconsistency would be offset to some extent by the
resulted equilibrium land rent. However, introducing the land market into the context of firm-
location models would make the analysis very complicated, which seems beyond the main
purpose of this paper. Besides, for simplicity of illustration, we discussed the spatial structure,
city size and city number of the hierarchical inter-urban system, but without mentioning the
formation and evolution of such an urban hierarchy. In addition, it should also be noted that
in this paper the size and number of a city were represented by that of a firm, and the city
was considered as a company town. Strictly speaking, a city never means a firm only. Rather,
a variety of firms and households constitute the city, which should be taken into account in
the future. So, the next step we should take is to make the present work more general and
reasonable. Furthermore, as another direction for further extensions, as ZhengO 1991, 19980
shows, we need to carry out an empirical study on some metropolitan areas in the real world
to test the existing urban system theory, since, for the present, much less rigorous empirical

studies of the urban system appear in the literature than related theoretical works.
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